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@ Nuclear camera systems. 



@ A nuclear camera system, e.g. for medical 
diagnostic imaging, comprises a plurality of 
radiation detector heads (10a, 10b, 10c) moun- 
ted on a rotatable portion (16) of a gantry (18). A 
transmission radiation source and collimator 
assembly (40, 42) is mounted on the rotatable 
gantry portion opposite one of the detector 
heads. The radiation source (60) of the assem- 
bly is mounted in a lead shield (62) with an 
opening (64) pointing toward an examination 
region (12). A shutter (66) is rotatable between a 
dosed position in which a lead arc segment (70) 
blocks the opening (64), a calibration orien- 
tation in which tin (72) covers opening (64), and 
an open position in which an opening (74) is 
aligned with the opening (64). A safety interlock 
means (80) locks the shutter in the dosed posi- 
tion and against rotation when the radiation 
source and collimator assembly is removed 
from the rotatable gantry portion. The col- 
limator (42) has lead side walls (200) and tin or 
tin alloy septa (202). When the radiation from 
the radiation source strikes the lead skie walls, 
they emit characteristic lead x-rays of about 88 
keV whereas the tin radiates x-rays of only 
about 30 keV. A filter (210) indudes an inner 
layer (212) of tin for attenuating any remaining 
88 keV lead x-rays coming from the transmis- 
sion line source assembly and converting them 
to about 30 keV radiation. The filter has an outer 
layer (214) for attenuating the radiation around 
30 keV. 
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The present invention relates to nuclear camera 
systems, such as are used for medical diagnostic im- 
aging. It finds especial application in conjunction with 
single-photon emission computed tomography 
(SPECT) camera systems that include one or more 5 
transmission radiation tine sources and will be descri- 
bed with particular reference thereto. It is to be appre- 
ciated, however, that the invention will also find appli- 
cation in conjunction with other types of nudear cam- 
era system. 

Heretofore, single photon emission computed to- 
mography has been used to study the radionudei dis- 
tribution in subjects. Typically, one or more radiophar- 
maceuticals were injected into a palienfs blood 
stream for imaging the circulatory system or specific is 
organs which absorb the injected radiopharmaceuti- 
cals. One or more gamnr^a or scintillation camera 
heads were placed closely adjacent to a surfece of 
the patient to monitor and record radiation emitted by 
the radiopharmaceuticals. In single photon emission 20 
computed tomography, the heads were rotated or in- 
dexed around the subject to monitor the emitted radi- 
ation from a multiplicity of directions. The data moni- 
tored from the multiplicity of directions was recon- 
structed into a three-dimensional image representa- 25 
tion of the radiopharmaceutical distribution within the 
patient. 

One of the problems with the SPECT imaging 
technique is that the patient is not completely homo- 
geneous in terms of radiation attenuation or scatter. 30 
Rather, the human patient includes many different tis- 
sue and bone types which absorb or scatter radiation 
from the radlopham^ceutlcals to different degrees. 
The SPECT Images can be made more accurate if 
they are corrected for the radiation lost to scattering 35 
or attenuation along each path through the human 
torso. 

As described In our U.S. Patent No. 5,210,421, a 
radiation line source can be positioned opposite one 
or more of the gamma or scintillation camera heads. 40 
Transmission radiation from the line source received 
by the opposite detector head can be reconstructed 
Into a three-dimensional image representation of the 
radiation absorptive properties of each Incremental 
volume element of the patient, analogous to a CT 45 
scan. This radiation attenuation Information is utilized 
to correct the SPECT data. When the radiation line 
source and the radiopharmaceuticals have distinctly 
different energy peaks, the transmission radiation 
and photon emission radiation image data can be cd- so 
lected concunrently and separated based on energy. 

In the prior art, collimators were typically con- 
structed of lead. When lead is struck with Incident ra- 
diation. such as the radiation from the line source, the 
lead emits an x-ray with a characteristic energy of 55 
about 88 keV. The 68 keV x-ray has an energy which 
IS sufficiently dose to the emission energy of some 
common radiopharmaceuticals that It Is difficult to 



distinguish the two. This inability to distinguish reli- 
ably radiation from the radiophamnaceuticais and ra- 
diation emitted from the lead caused errors in the re- 
sultant radiopharmaceutical image. 

One soluUon for separaUng the lead x-rays com- 
ing from the line source assembly from the radiation 
emitted from the radiopharmaceuticals was to con- 
duct the line source transmission radiatton examina- 
tion first The transmission line source was removed 
or dosed before the radiopharmaceuticals were in- 
jected and imaged. However, performing the trans- 
mission examination and the radiopharmaceutical di- 
agnostic examination sequentially lead to registration 
problems. The transmission radiation data and radio- 
pharmaceutical images data frequently became at 
least partially misaligned. This misalignment caused 
incorrect transmission radiation based corrections on 
the radiopharmaceutical data causing further image 
degradation. 

The present application provides a nudear cam- 
era system which overcomes the above-described 
problem. 

According to the invention there Is provided a nu- 
dear camera system which includes a transmission 
radiation source which allows primary radiation of a 
characteristic energy to be transmitted toward a sub- 
ject, and a collimator for collimating the primary radi- 
ation transmitted by the radiation source, at least one 
of the radiation source and collimator tending to emit 
secondary radiation in response to incident radiation 
from the radiation source, characterized in that the 
system indudes means for limiting the effect of the 
secondary radiation on images produced by the sys- 
tem. ' 

In a preferred arrangement according to the in- 
vention the system further indudes: a shutter for se- 
lectively allowing and preventing primary radiation 
from said source to be transmitted towards the sub- 
ject a connecting means for selectively connecting 
the radiation source, shutter, and collimator to the 
rest of the camera system and a safety interlock 
which locks the shutter in a dosed position when the 
radiation source, shutter and collimator assembly is 
removed from the rest of the camera system. 

The invention finds partfcular application where 
the camera system produces an image from radiation 
emitted by a radlophamiaceutical material injected 
Into the subject and the transmission radiation source 
radiation is used to provide data for correction for ra- 
diation lost to scattering or attenuation in the subject 
The invention also provides a method of diagnos- 
tic imaging in which a subject is injected with a radio- 
pharmaceutical having a first characteristic energy 
and in which radltion from a transmission radiation 
source having a second characteristic energy is 
transmitted from the transmission radiation source 
through a collimator, through the subject, and to a de- 
tector head, part of the radiation from the radiation 
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source striking internal surfaces of the transmission 
radiation source and/or collinr^tor causing the emis- 
sion of secondary radiation, characterised by: limiting 
the secondary radiation passing through the subject. 

One camera system according to the invention 5 
and a method in accordance wrth the invention will 
now be described, by way of example, with reference 
to the accompanying drawings in which:- 

Figure 1 is a perspective view of the camera sys- 
tem; 10 
Figure 2 is an enlarged end view of a radiation 
source and collinnator assembly of the system 
with a cover off a radial position adjusting mech- 
anism; 

Figure 3 is a perspective view of the radiation is 
source and collimator assembly with a filter slid 
open to expose a collimator septa; 
Figure 4 is a cross-sectional view through the 
source, shutter, and collimator of the assembly of 
Figures 2 and 3; 20 
Figure 5 is an exploded view of the radiation 
source holder; and, 

Figure 6 illustrates an interior view along section 
6-6 of Figure 5. 

With reference to Figure 1, the camera system in- 25 
eludes a plurality of gamma camera heads 10a, 10b, 
10c, disposed equidistant around a subject exaniina- 
tion region 12. A patient couch or other subject sup- 
port 14 selectively supports a portion of an examined 
subject In the examination region. 30 

The detector heads are mounted to a rotatable 
gantry portion 1 6 which Is connected to a suitable mo- 
tor and bearing assembly supported by a stationary 
gantry portion 18 to function as a means for rotating 
or indexing the detector heads around the examina- 35 
tion region. Also mounted to the rotating gantry 1 6 are 
a plurality of mechanical drives (not shown) for mov- 
ing each of the gamma camera heads independently 
radially toward and away from the examination re- 
gion. The gamma camera heads are preferably 40 
mounted on roller carriages or slide bars for smooth- 
er, easier movement. The mechanical drives for mov- 
ing the gamma camera heads radially preferably each 
Include a motor that rotates a screw drive that engag- 
es a follower mounted to the gamma camera head. 45 

Each camera head includes a scintillation crystal 
that responds to incident radiation by producing a 
flash of light. An array of photomultlplier tubes pro- 
, duce electrical signals in response to each light flash. 
The signals responsive to the scintillations or flashes so 
of light are combined. The magnitude z of the resul- 
tant sum is indicative of the energy of the Incident ra- 
diation. The relative response of the closest photo- 
multiplier tubes I? indicative of the spatial location x,y 
of the scintillation. An encoder (not shown) indicates ss 
the angular orientation 8 of the receiving detector 
head around the examination region. 

A transmission radiation source assembly 20 Is 
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also mounted on the rotating gantry portion 16. The 
transmission radiation source transmits radiation 
across the examination region 12 to an oppositely dis- 
posed detector head 10c. Optionally, additional trans- 
mission radiation sources may be disposed opposite 
others of the detector heads. 

A reconstruction processor 30 processes the 
electrical signals from the detector heads as the de- 
tector heads are moved around the examination re- 
gion to reconstruct a three-dimensional Image repre- 
sentation. 

Detected radiation from the transmission source 
Is separated from detected radiation from the radio- 
pharmaceutical on the basis of the energy z of the 
photon peaks. The reconstruction processing means 
30 processes the transmission radiation to recon- 
struct a three-dimensional transmission radiation im- 
age representation indicative of the transmission ra- 
diation absorptive or blocking properties of the exam- 
ined region of the subject. The transmission radiation 
information is used to corrected the reconstructed 
emission radiatton image representation in the inject- 
ed radiopharmaceuticals. The preferred reconstruc- 
tion and correction processing is illustrated in greater 
detail in parent U.S. Patent No. 5,210.421. 

An operator control panel 32 includes a video 
monitor 34 for converting selected portions of the 
emission image representation into a human read- 
able display. Optionally, transmission images might 
also be displayed. A keyboard 36 enables the opera- 
tor to control the image reconstruction process, the 
selection of displayed data, the selection of preselect- 
ed scanning procedures, and custom operation of the 
SPECT camera gantry. That is, the operator can con- 
trol rotation of the rotatable gantry portion 16, move- 
ment of the detector heads radially toward and away 
from the examination region, and positioning of the 
patient couch 14. 

With continuing reference to FIGURE 1 and fur- 
ther reference to FIGURES 2 and 3, the transmission 
radiation source 20 includes a transmission radiation 
source holder 40, a transmission radiation source col- 
limator 42, and a means 44 for radially positioning the 
transmission radiation source. The operator through 
the console 32 selects a program routine from an ac- 
quisition processor 46. The acquisition processor 
supplies the initial information to a programmable 
gantry mounted processor 48. More specifically, a 
motor 50 selecth^ely rotate a. drive screw 52 that is re^ 
ceived in a threaded drive 54 to which the radiation 
holder and collimator assembly is mounted. The mo- 
tor 50 under control from the gantry processor 48 ra- 
dially positions the transmission radiation source. For 
stability, the radiation source and collimator assem- 
bly are slldably mounted on a fixed rail 56 to insure 
accurate radial sliding movement A spatial encoder 
58 makes a precise determination of the radial posh 
tion of the transmission radiation source holder and 
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collimator assembly. Electromechanical controls 
controlled through the gantry processor 48 control 
opening and closing of the shutter for the transmis- 
sion radiation source and other functions described 
below. J 

With continuing reference to RGURE 2 and fur- 
ther reference to FIGURES 4 and 5, the transmission 
radiation source holder 40 supports a transmission 
radiation source 60. e.g. a stainless steel tube about 
the size of a pencil which is filled with a radioisotope. io 
The radiation source is mounted in a lead shield 62 
that has an opening 64 for directing radiation toward 
the examination region. A shutter assembly 66 is 
mounted for rotation around the radiation source. The 
shutter includes an aluminum cylinder or frame 70. 15 
The aluminum cylinder supports a radiation blocking 
or lead circular arc segment 72 which Is positioned in 
front of the opening 64 when the shutter is closed. 
The aluminum cylinder also supports a tin arc seg- 
ment 74 which is aligned with the opening 64 when 20 
the collimator is rotated SO' clockwise (in FIGURE 4) 
to a calibration position. The shutter cylinder further 
includes an opening 76 which Is aligned with opening 
64 when the cylindrical shutter Is rotated counter- 
clockwise to the open position. The shutter is rotat- 25 
able between the dosed, calibrate, and open position 
by the electromechanical drive mounted to rotatable 
gantry portion 16. A manual knob 78 located on the 
face of the transmission radiation source holder 40 
provides a visual Indication of the positwn of the shut- 30 
ter 66. 

With particular reference to FIGURES 5, and 6. in 
order to prevent the operator or a technician from In- 
advertently opening the shutter when the assembly is 
notattached to a scanner, a mechanical Interlock sys- 35 
tern 80 Is provided. More spedfically, the interlock 
system 80 mounts the transmission radiation source 
and collimator assembly 40. 42 to the radial position- 
ing means 44 on the rotating gantry portion. 

A clamping ring 84 receives a pair of mounting 40 
studs 86 from the gantry portion and rotates about 
50° to twist and cam lock the assembly 40, 42 to the 
mounting studs. A pin 88 extends from the damping 
ring through an arced aperture 90 to engage a limit 
switch 92 in the fully locked-on position. The switch 45 
92. thus, provides an electrical feedback to the con- 
trol panel 32 indicating that the assembly 40, 42 has 
been locked into place. One or more guide pins 94 as- 
sure that the assembly 40, 42 is mounted In the proper 
orientation. 

50 

Once the assembly 40, 42 is locked to the gantry 
assembly, a shutter coupling clutch assembly 100 
connects the shutter 66 with an electromechanical 
drive 102. The electromechanical drive engages a 
shutter drive coupling 1 04 which is connected with an 55 
internal drive coupling 106 by a spring biased ball as- 
sembly 108. The internal transfer coupling 106 in- 
cludes a pin 110 that engages a slot 112 In the shutter 



66. An end drive sleeve 114 has an arcuate aperture 
through which the pin 110 extends. The drive end 
sleeve 114 further has a pin 116 for engaging a slot 
118 in the lead line source holder shield 62 to fix the 
angular orientatwn of opening 64. A gantry mounted 
lever 120 selectively lifts the ball 108 against the 
spring bias decoupling the internal drive member 106 
from the shutter drive member 1 04. This releases the 
shutter such that it can be manually rotated by the 
knob 78. 

A lockup assembly 130 locks the shutter in the 
closed position with lead segment 72 across opening 
64 unless the assembly 40, 42 Is locked to the gantry. 
The lockup assembly includes a pin 1 32 which is slld- 
ably received in a steel sleeve 134 In the holder as- 
sembly. When the shutter 66 Is in the closed position, 
an aperture in a steel guldeway 136 in the shutter 66 
is aligned with the pin 132. The head of the pin Is re- 
ceived in a camway 138 in a shutter locking cam ring 
140 which Is affixed to the clamping ring 84. (It should 
be noted that in the exploded view of FIGURE 5, the 
clamping ring 84 is Illustrated positioned on the right 
side of locking pin 132. When the assembly is com- 
pleted, the clamping ring 84 is In actuality on the left 
side of locking pin 132. The locking pin 1 32 is. In this 
manner, received between the clamping ring 84 and 
the shutter locking ring cam 140.) The cam 138 raises 
radially outward as the clamping ring 84 approaches 
its closed position to lift the locking pin 132 from the 
shutter 66. releasing the shutter for rotation. 

It will further be noted that in order to rotate the 
clamping ring 84 to remove the assembly, the cam 
surface 138 must be permitted to cam the locking pin 
132 into the aperture In the shutter. If the shutter Is 
not closed and the aperture is not aligned with the 
locking pin. then the cam 138 will be unable to cam 
the locking pin downwanJ and will lock the clamping 
ring 84 against rotation. Hence, the mechanical inter- 
lock 80 cannot be released to remove the line 
source/collimator assembly 40. 42 from the gantry 
unless the shutter Is in the closed position. 

The lockup assembly 130 further includes a pin 
142 mounted to the radial drive mechanism 44 fixed 
to the gantry. The pin extends through an aperture in 
member 144 to engage a locking element 146. The 
pin 142 lifts the locking element 146 against the bias 
of a spring 148 out of aseat in member 144 permitting 
the clamping ring 84 and locking member 146 to be 
rotated. To remove the assembly from the gantry, the 
clamping must be rotated to the position in which (1) 
the pin 132 is received in guWeway 136 and (2) lock- 
ing element 146 is biased against pin 142. Upon re- 
moval, the locking element 146 Is seated in member 
144 locking the damping ring against rotation pre- 
venting the pin 132 from being lifted. 

The shutter 66 has an extending pin 150 which 
engages through an inner race of a needle bearing 
152 which rotatably supports the outer end of the 
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shutter end 66 to the knob 78. The bearing portion of 
shutter 66 is notched to connect with a ball and spring 
detent assembly 154 to a housing portion 156 to pro- 
vide positioning in the calibrate position. A limit switch 
158 is engaged by a groove in the shutter when the 5 
shutter is in the calibration position to provide a pos- 
itive electrical indication thereof. 

In order to replace the line source 60, a plug 160 
is removed from the line source holder 62. The plug 
1 60 has a keyed end 1 62 which is adapted to receive io 
a uniquely configured key member. In this manner, 
access to the radioactive line source is denied to 
other than a designated key operator. 

The radiation line source 60 is preferably filled 
with a radioisotope that has a half-life, between 6 hrs is 
and 300 days. Because this half-life is much shorter 
than the life of a SPECT camera, the line source must 
be accessible to be replaced from time to time. 

With reference again to FIGURES 3 and 4, the 
collimatormeans 42 includes a pair of lead side walls 20 
200 which diverge at an angle which enables trans- 
mission radiation to span the examination region 12. 
A plurality of thin septa 202 are mounted between the 
side walls 200. The septa 202 are constructed of a 
material which has good radiation stopping power and 25 
which, when struck by radiation, emits a gamma ray 
of relatively tow energy, e.g. below 50 keV. Preferably, 
the septa are constructed of tin or an alloy of tin and 
antimony. Tin emits gamma rays with a characteristic 
energy of about 30 keV. Other suitable materials for 30 
the septa include metals with an atomic number of 
about 30-70, particularly tin, antimony, zirconium, 
niobium, molybdenum, germanium, yttrium, cerium, 
gadolinium, terbium, dysprosium, holmium, erbium, 
ruthenium, rhodium, palladium, silver, cadmium, in- 35 
dium, teiluriuni, cesium, barium, and alloys thereof. Of 
these, tin, antimony, molybdenum, zirconium, and 
cadmium are preferred for their more ready availabil- 
ity. The side walls of the collimator 200 could also be 
made of such materials. However, because many 40 
scans call for placing the detector heads as dosely 
adjacent as possible, the transmission radiation 
source and collimator preferably have as narrow a 
profile as possible. To this end. the greater stopping 
power of lead, or other high atomic number material, 45 
which permits the side walls 200 to be thinner is pre- 
ferred. It will be noted that the surface area of the sep- 
ta which are exposed to radiatton from the line source 
Is many times greater than the surface area of the 
side walls. Optionally, the side walls may be covered so 
or plated on their exposed inside surfaces with tin or 
one of the other above-discussed metals to limit the 
emission of the 88 keV characteristic x-rays of lead. 

A filter 210 extends across an outlet aperture of 
the collimator 42. The filter includes an inner layer 55 
212 of a material which stops substantially all of the 
88 keV energy x-rays from the lead in the side walls 
of the collimator, yet passes a substantial portion of 



the radiation from the transmission line source 60. 
The filter 210 further includes an outer layer 214 
which stops substantially alt of the lower energy radi- 
ation emitted by the inner layer 212 and by the septa 
202. in the preferred embodiment in which the septa 
are tin or tin/antimony alloy, the inner layer 212 is also 
tin or tin/antimony and the outer layer 214 is alumn 
num. The aluminum not only absorbs gamma rays in 
the 30 keV range, but provide structural strength to 
the softer tin. Of course, the same alternate metals 
which can be used to construct the septa can also be 
used for the inner filter. 

Further to the preferred embodiment, the hous- 
ing has overhanging portions 220 which define a filter 
receiving track therebetween. A family of filters are 
provided. The family of filters have varying thickness- 
es of the inner layer 212. For example, the inner layer 
212 In one of the* filters may be of an appropriate 
thickness to absorb about half of the transmission ra- 
diation from the radiation source 60. Another of the 
filters might have a thinner tin portion such that only 
about 1/4 of the radiation is absorbed. Another one 
might only absorb 1/10 of the radiation, and so on. As 
the radiation source decays, the filters are replaced 
with filters which attenuate a progressively smaller 
percent of the radiation. In this manner, the output 
from the transmission line source assembly can be 
kept substantially constant over two or more half-lives 
of the radioisotope in the transmission radiation 
source. A projection 222 and matching detent 224 in 
the filters act to snap the filters into position against 
the natural resiliency of the filter metal. For simplicity 
of construction and for an assured secure fit, it is pre- 
ferred that all filters of the family have the same thick- 
ness, at least adjacent the edges. Thus, as the tin or 
more radiation attenuative layer becomes thinner, the 
aluminum layer becomes thicker. . 

The invention has been described with reference 
to the preferred embodiment. Obviously, modifica- 
tions and alterations will occur to others upon reading 
and understanding the preceding detailed descrip- 
tion. It is intended that the invention be construed as 
Including all such modifications and alterations inso- 
far as they come within the scope of the appended 
claims or the equivalents thereof. 



Claims 

1 . A nuclear camera system which includes a trans- 
mission radiation source (60) which allows pri- 
mary radiation of a characteristic energy to be 
transmitted toward a subject, and a collimator 
(42) for collimating the primary radiation trans- 
mitted by the radiation source (60), at least one 
of the radiation source (60) and collimator (42) 
tending to emit secondary radiation in response 
to incident radiation from the radiation source. 
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(60), characterised in that the system includes 
means for limiting the effect of the secondary ra- 
diation on images produced by the system. 

2. A camera assembly as set forth in Claim 1 where- 5 
in the secondary radiation limiting means com- 
prises material on at least surfaces (200) of the 
collimator (42), which emits secondary radiation 

of an energy level that is significantly lower than 
that of radiation utilised for imaging by the cam- io 
era system. 

3. A camera system as set forth in Claim 2 wherein 
the collimator (42) includes a plurality of thin sep- 
ta (202) of said material. is 

4. A camera system as set forth in any preceding 
daim wherein the secondary radiation limiting 
means comprises a filter (21 0) disposed between 

the collimator (42) and the subject incorporating 20 
a nuiterial (212) for preferentially absorbing the 
secondary radiation. 

5. A camera system as set forth In Claim 4 wherein 

the filter (210) includes a material (212) that ab- 25 
sori3s the secondary radiation and reduces the 
intensity of the transmitted primary radiation and 
further Including a plurality of such filters (21 0) of 
different thickness such that as the radiation 
source (60) diminishes in strength, progressively ao 
thinner filters (210) may be substituted to main- 
tain the radiation strength in the subject more 
nearly constant. 

6. A camera system as set forth in any one of Claims 35 
2 to 5 wherein said material is selected from the 
group consisting of: tin, antimony, zrconium, nio- 
bium, molybdenum, germanium, yttrium, cerium, 
gadolinium, terbium, dysprosium, holmlum, er- 
bium, ruthenium, rhodium, palladium, silver, cad- 40 
mium, indium, tellurium, cesium, barium, and al- 
loys thereof. 

7. A camera system as set forth in anyone of Claims 

2 to Claim 5 wherein said material comprises tin. 4S 
antimony, or an alloy thereof. 

8. A camera system as set forth In any preceding 
claim further including a shutter (66) for selec- 
tively allowing and preventing primary radiation so 
from said source (60) to be transmitted towards 

the subject 

9. A camera system as set forth In Claim 8 further 
including a connecting means (84, 86) for selec- 55 
tively connecting the radiation source (60). shut- 
ter (66). and collimator (42) to the rest of the cam- 
era system and a safety Interlock (80) which 



locks the shutter (66) in a dosed position when 
the radiation source (60), shutter (66) and colli- 
mator (42) assembly is removed from the rest of 
the camera system. 

10. A camera system as set forth in Claim 9 wherein 
the safety interlock (80) locks the radiation 
source (60). shutter (66), and collimator (42) as- 
sembly against removal from the rest of the cam- 
era system when the shutter (66) is not dosed. 

11. A camera system as set forth In any preceding 
claim wherein the camera system produces an 
image from radiation emitted by a radiopharma- 
ceutical materia] injected into the subject and the 
transmission radiation source (60) radiation is 
used to provide data for correction for radiation 
lost to scatterfng or attenuation in the subject. 

12. Amethod of diagnostic imaging In which a subject 
is injected with a radk3pharmaceutlcal having a 
first characteristic energy and In which radiation 
from a transmission radiation source (60) having 
a second characteristic energy is transmitted 
from the transmission radiation source (60) 
through a collimator (42), through the subject, 
and to a detector head (10), part of the radiation 
from the radiation source (60) striking internal 
surfaces of the transmission radiation source 
(60) and/or collimator (42) causing the emission 
of secondary radiation, characterized by: limiting 
the secondary radiation passing through the sub- 
ject 

13. A method as set forth in Claim 12 wherein the 
secondary radiation limiting step comprises pref- 
erentially absorbing the secondary radiation. 

14. A method as set forth in Claim 13 comprising at- 
tenuating the transmitted radiation with a filter 
(21 0) that also preferentially absorbs the second- 
ary radiation, and, as the radiation source (60) 
ages, replacing the filter (210) with a filter (210) 
giving reduced attenuation of the transmitted ra- 
diatk>n such that the radiation strength in the sub- 
ject is more nearly constant over time. 
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(g) Nuclear camera systems. 

@ A nudear camera system, e.g. for medical 
diagnostic Imaging, comprises a plurality of 
radiation detector heads (10a, 10b, 10c) moun- 
ted on a rctatable portion (16) of a gantry (18). A 
transmission radiation source and collimator 
assembly (40, 42) is mounted on the rotatable 
gantry portion opposite one of the detector 
heads. The radiation source (60) of the assem- 
bly is mounted in a lead shield (62) with an 
opening (64) pointing toward an examination 
region (12). A shutter (66) is rotatable between a 
dosed position in which a lead arc segment (70) 
blocks the opening (64). a calibration orien- 
tation in which tin (72) covers opening (64), and 
an open position in which an opening (74) is 
aligned with the opening (64). A safety interiock 
means (80) locks the shutter in the dosed posi- 
tion and against rotation when the radiation 
source and collimator assembly is removed 
from the rotatable gantry portton. The col- 
limator (42) has lead side walls (200) and tin or 
tin alloy septa (202). When the radiation from 
the radiation source strikes the lead skJe walls, 
they emit characteristic lead x-rays of about 88 
keV whereas the tin radiates x-rays of only 
about 30 keV. A filter (210) indudes an inner 
layer (212) of tin for attenuating any remaining 
88 keV lead x-rays coming from the transmis- 
sion line source assembly and converting them 
to about 30 keV radiation. The filter has an outer 
layer (214) for attenuating the radiation around 
30 keV. 
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